A number of disorders affecting speech, learning, and behavior have a 3:1 or greater male:female ratio. This has usually been explained on the basis of a developmental model postulating a difference in the young male versus female brain. Tourette syndrome is a hereditary neurobehavioral disorder due to a single major autosomal gene. It is associated with learning disorders and attention deficit disorder with hyperactivity and shows a similar predilection for males. Because of the more obvious nature of the tics and vocal noises, it is uniquely suited for examining an alternative hypothesis of an X-linked modifying gene to account for the increased incidence in males. Two alternative models tested were an autosomal modifying gene and the developmental model. Family pedigrees on a series of 430 consecutive cases of Tourette syndrome with 966 age-corrected offspring were used to compare the observed affected and unaffected sons and daughters for nine different phenotype matings with the expected ratios for three different models. The X-linked modifier model provided a better fit to the observed data and accounted for marked differences in the percentage of affected sons and daughters when the father versus the mother transmitted the Tourette syndrome gene. A similar model may account for the male predominance in other genetically influenced disorders of speech, learning, and behavior.
Boys have more problems with speech, school, and behavior than girls. This is a reflection of the fact that there is a significant male preponderance (Table 1) for attention deficit disorder with or without hyperactivity (1), dyslexia (2) , stuttering (3), delayed speech (4), conduct disorder (1) , anti-social personality disorder (1), autism (1) , and Tourette syndrome (TS) (1, (5) (6) (7) . Combined these affect 10-15% of all males but only 2-5% of females (Table 1) . Various types of developmental differences in the brain between young males and females, especially in regard to right-left brain development, have been suggested as the cause of this sex difference (8) (9) (10) . TS is a hereditary (11) (12) (13) (14) (15) (16) (17) neurobehavioral disorder characterized by motor and vocal tics, a waxing and waning course, and suppressibility of symptoms (1) . Studies suggest it is caused by a single major autosomal gene (12, 13) .
There is evidence for a genetic component to attention deficit disorder (18) (19) (20) (21) (22) (23) (24) (25) (26) , dyslexia (27, 28) , stuttering (3, 29) , conduct disorder (18, 25, 30) , anti-social personality disorder (31) (32) (33) (34) (35) , and autism (36, 37) . However, the genetic aspects of these disorders are more difficult to study than TS because of their heterogeneity, low penetrance, difficulty in uniform diagnosis and, in some cases, improvement with age. Of all of these disorders TS is most suited to evaluation of the possible role of modifying genes for the following reasons; (i) the diagnosis [ref. 1 (DSM III criteria)] is more clear cut, (it) it appears to be due to a single major gene, (iii) the penetrance is relatively high, especially in males, (iv) the symptoms usually last throughout life, (v) attention deficit disorder (6, 7, 38) , dyslexia, and learning disorders (refs. 5 and 39; unpublished observations), stuttering (ref. 39; unpublished observations), and autistic-like behavior (unpublished observations) are more common in patients with TS than the general population, (vi) estimates are available for the gene frequency, sex ratio, and penetrance in males and females, and (vii) a large series of 430 cases with detailed family histories are available for study from our TS clinic.
The present study was stimulated by a unique case of a boy with both TS and a rare X-linked disorder, adrenoleukodystrophy (40) . Often, when two unusual events occur together it is not entirely due to chance. Studies have shown that some males have multiple X-linked recessive diseases due to the deletion of contiguous X-linked genes (41 (12) and others (11, 15, 17) , TS and motor tics are both expressions of the Ts gene and in this paper TS refers to the combined TS-motor tic trait. Thus, we are not describing the effects of modifier genes on the expression of the Ts gene as only motor tic, but consider only the total lack of expression of the Ts gene as no motor tics and no vocal noises. Other characteristics concerning the unselected ascertainment of these patients have been described (6, 7, 12) . Our study (12) + q2)(r2 + 2rs + s2) and for males is (p2 + 2pq + q)(r + s).
An example of the method of calculating the expected values for the X-linked model is shown in Table 2 . The 54 different possible male and female genotype mating frequencies were divided into the 9 different phenotype matings. TS males X normal females and normal males x TS females are used as examples for 10 of the 54, and the population frequency of these matings is shown in column A. The relative frequency of each genotype mating for each phenotype group was determined (column B, A/A total). The risk of TS male progeny/total male progeny and of TS female progeny/total female progeny was entered for each genotype mating (column C, male and female). Four examples of this are shown in Fig. 1 . This risk was multiplied by the relative contribution of that mating type (B) producing the weighted column B x C. Summing all entries in this column for a given phenotype mating gave the final expected risk of TS for males and females.
In the carrier x normal phenotypic mating, assuming no sporadic cases, most of the presumed carriers would be true carriers. However, in the TS x carrier class this assumption does not necessarily hold and here possibly some of the presumed carriers are in fact not carriers, since the child could have gotten TS from the TS parent. However, there were such a small number of children in this mating type (1.5%), that this difference between assumption and reality would not significantly affect the results. This also holds for the carrier x carrier mating types where in fact only one Table 4 shows the observed and expected frequencies for the three models. Each model gives significantly different expectations. The most striking feature is the significant effect of the presence of TS or carrier status in the father versus the mother in the X-linked model. For example, when the father is a carrier (C) and the mother has TS ( C x TS), 75% of sons are expected to be affected and 0% of the daughters, while when the parental status is reversed (TS x C), 31% of both sons and daughters are expected to be affected. A similar but less striking disparity is seen for N x C and C x N matings, where N stands for normal. When the father is a carrier and the mother is normal (C x N), 35% of sons and 0% of daughters are expected to be affected. In the reverse situation (N x C), 21% of sons and 14% of daughters are expected to be affected. In the C x C mating, 31% of sons and 0% of daughters are expected to be affected. In the autosomal modifier model there is no difference in the expected risk of sons versus daughters. The developmental model does predict a difference in risk for sons and daughters, but this is independent of the parental phenotype. As seen in Table 4 of the observed versus expected data, there is, in fact, a significant effect on the frequency of TS in sons versus daughters depending upon whether the father or mother was of a certain phenotype.
RESULTS AND DISCUSSION
The numbers in the TS x C, C x TS, and C x C matings, are too small to be of significance. By contrast, the TS x N, N x TS, C x N, N x C, and "N" x "N" matings had both relatively large numbers of individuals and gave significantly different expectations for the different models. These are outlined in Table 4 . In the TS x N mating, 35% of males and females were expected to be affected in both the X-linked and autosomal models, while 35% affected males and 15% affected females were expected in the developmental model. The observed was 37% affected males and 30% affected females. This suggests that developmental influences were minimal. In the reverse N x TS mating, only the X-linked model predicts a change to 50% affected males and 35% affected females. The observed was 40%o males and 25% females. In the C x N mating the X-linked model predicts 35% affected males and 0o affected females, the autosomal model predicts 15.6% Table 5 . For sons, daughters, and sons plus daughters, the X-linked modifier model gave the best fit to the data.
Only the female offspring in the X-linked model gave x2
indicating the expected was well within random expectation of the observed (P = 0.43). The daughters in the autosomal model were also not significantly different from observed, but here the P was much less (0.09). The failure of any model to completely predict the observed is understandable given the complexity of the biological system being examined, the fact that the X-linked and developmental model may both play a role, the need for some assumptions about TS carrier status and number of sporadic cases that might not always be true, and the probability that the male:female ratio is affected by other factors (34) . The relative superiority of the X-linked model was not changed if values greater than 0.5 were added to each observed and expected. The sex ratio of the observed progeny minus the propositi was 167/83 or 2:1, which is less than the usual observed of3 or more to 1. This reflects the fact that our observed TS is actually TS plus motor tic, and the sex ratio for patients with motor tic only was lower than for TS. In the pure X-linked model, with the frequency of the permissive gene, r, being 0.7 the expected male:female ratio is rir2 = 0.7/0.49 or 1.43:1. However, as the gene frequency of r decreases the sex ratio increases (i.e., 0. In this paper we have used r = 0.7 for the gene frequency of xt or am, and s = 1 -r or 0.3 for the frequency of Xt or Am. To determine if our results critically depended upon these assumptions we wrote an iterative computer program and demonstrated that the X-linked model gave the best fit to the data at all values of r from 0.1 to 0.9. We also varied the frequency of the Ts gene, q, from 0.001 to 0.35. At all values of r from 0.1 to 0.9 the X-linked model gave the best fit to the data.
When the penetrance in males for the X-linked model is 
